Organic films fabrication offers the possibility of producing electronic devices of low weight, mechanical flexibility and low cost. One suitable material for organic film fabrigation which is the subject of the great interest is pentacene, because it is characterized by the large carrier mobility (∼1 cm 2 /Vs) . In this work, the growth of pentacene layers using pulse laser deposition (PLD) on different substrates (glass/ITO, Si) is described and various processing parameters are investigated . Two pulsed YAG:Nd 3+ laser wavelengths were used for the ablation of the PLD target: the first harmonic at 1064 nm and the second at 532 nm. The structure of the layers formed was examined using SEM and RHEED methods. The results were compared with results of optical spectroscopy studies. It will be shown that layers deposed using second harmonics have a higher quality than those for first harmonic. The other PLD parameters also have a strong influence on the structure quality of layers. 78.66.Qn, 81.15.Fg, 68.37.Hk 
Introduction
Organic crystals and thin organic films are currently the subject of intense study due to their protential to offer new kinds of electronic devices [1, 2] . Organic light-emitting diodes (OLEDs) and field effect transistors (FETs) are two good examples of devices to which organic semiconductors can be applied. Pentacene, C 22 H 14 , is a promising material for this purpose due to the very high mobility * E-mail: ppotera@univ.rzeszow.pl of its charge carriers, which frequently exceed 1 cm 2 /Vs [3] [4] [5] [6] . Organic crystals are formed from organic molecules bonded together by weak Van der Waals forces, which makes the process of growing single crystals or epitaxial layers more complicated and unstable with organic materials than with inorganic materials [7] . In most previous studies on pentacene, the epitaxial layers were grown from solution [8] and by thermal evaporation [9] [10] [11] [12] , although MBE deposition has also been studied as a method for organic semiconductors growth [13] . In this work pulsed laser deposition (PLD) was chosen as the method [14] for the growth of pentacene layers as the method has many advantages over the others already mentioned. The ab-lation of the target in PLD results in exiting molecules, or species, with sufficient kinetic energy to ensure good nucleation and growth of the epitaxial layers. The energy of the molecules can be easily adjusted (e.g. by adjusting the energy density of laser beam) to account for the chemical properties of material ablated (target) and to provide the desired mode of growing without heating of the substrate. Other paramaters that are important to epitaxal growth are similarly simple to control in PLD This paper describes the study of the crystal structure and optical properties of epitaxal layers obtained at two wavelengths (I and II harmonics) of YAG:Nd 3+ laser. 
Experimental
The experimental setup used for depositing layers of pentacene using PLD is described in detail in reference [15] . A YAG:Nd 3+ laser, with wavelength 1064 nm and pulse duration 250 µs, was used for the evaporation of the pentacene target. The second harmonic of the YAG laser (wavelength 532 nm) was obtained by using a LiNbO 3 crystal in the optical system. The deposition process was carried out in a vacuum of magnitude 10 −5 mbar and the laser beam was focused on to a target of size 0.4 -0.08 2 . The substrate was at room temperature and at a distance of 10-40 mm from the target. The following substrates were used: ITO on glass, and three types of Si single crystals differentiated by their surface microrelief as follows: 1. flat-like (F), 2. Pyramidal-like (PRS) (Fig.  1a) , 3. Plate-like (PLS) (Fig. 1b) . The orientation of Si substrates was (001) for the mirror plane, and (111) in both latter cases; these kind of surfaces exhibit good properties for epitaxy [16] . A summary of the samples is presented in Table 1 .
The optical transmission measurements were performed in the 400-800 nm region using a UNICAM UV 300 spectrophotometer. The optical density, D, of a sample was calculated as D = log(1/T ). For purpose of this work the "layer absorbance without substrate" (which excludes the influence of the substrate on sample absorption) was calculated as the difference between the absorbance spectrum of the sample and glass/ITO substrate.
Studies of the layer structure were conducted using a high resolution (L-735 mm), EG-100, electronograph using a 
Results
Fig. 2 presents RHEED diffraction patterns for pentacene layers obtained on ITO/glass substrate. Fig. 2a presents the pattern for layers obtained by ablation using 1064 nm wavelength of the laser. The diffraction pattern of layers deposited using the laser second harmonic is presented in Fig. 2b . In both figures we observe weak and broad Deby'e rings which suggests that the layers consist of fine grains. The fact that the Deby'e rings are not completely sharp, they have diffused borders, suggests that the polycrystalline phase is mixed with amorphous one. The structure of the layers obtained using the shorter wavelength of laser beam (Fig. 2b) on the other hand is considerably better with the Deby'erings more easily visible.
In Fig. 3 the diffraction pattern for layers obtained on Si substrates (flat, pyramidal, and plate) are presented. With reference to Fig. 3 it can be seen that Deby'e rings were viable for all substrates to a greater or lesser extent. For a flat Si surface (Fig. 3a) , the rings are broad and diffuse, while for the pyramidal surface (Fig. 3b) they are better formed. For the plate-like surface (Fig. 3c) there are only few weakly visible Deby'e rings.
The diffraction patterns of samples obtained using the shorter wavelength (Fig. 4a, b, c) exhibit little improvement in the shape of rings compared to the previous samples, with the rings again being broad and diffuse. The most obvious difference between the two cases is in the visible structure of the first ring which consists of strong spots. The other single crystals spots in Fig. 4c are due to diffraction on the substrate and indicate that the layer thickness is small (about 20 nm) or that the layers are inhomogeneous in their thickness. The absorbance spectrum of the P2I sample formed by the PLD method on a glass/ITO substrate using the first harmonic of YAG:Nd laser is shown in Fig. 5 (curve a) . The absorption spectrum of the sample includes the absorption due to the glass/ITO. The glass/ITO substrate has a good optical quality in the transparency region (transmission of glass/ITO in the region 400-800 nm is between 70-85%). In the glass/ITO spectrum ( Fig. 6 ) a slight absorption band in the region 380-580 nm as well as a slight increase in absorption above 600 nm can be observed. The absorbance spectrum of the layer P2I "without substrate" (which excludes the influence of the substrate on sample absorption), is calculated as the difference between the absorbance spectrum of the sample and the glass/ITO substrate, is shown in Fig. 5 , curve b. The glass/ITO substrate has practically no influence on the optical properties of the layer. The absorbance spectrum of the P3I sample ("without substrate") formed by the PLD method on glass/ITO substrate using the second harmonic of a YAG:Nd laser is presented in Fig. 7 . The strong absorption band, with maximum near 620 nm, appears in the absorbance spectrum for this sam-ple and a very weak maximum near 570 nm is observed.
Discussion
All the layers studied have a polycrystalline character. In each figure, one can distinguish three diffraction rings, although these are particularly clear in Fig. 3b and Fig.  3c . In all cases, the first diffraction ring is broad and consists of a large number of small spots on a bright background (Fig. 4b, Fig. 4c ). Consecutive Deby'e rings have more homogenous structure, however, they appear fairly blurred, which may be a result of a small of grain size, (smaller than 10 nm) in the crystal. A comparison of Fig.  2a and Fig. 2b provides evidence that the structure of the P3I layer deposited with the second harmonic of laser is slightly better. Diffraction rings introduced in Fig. 2b are a little bit sharper than those shown in Fig. 2a and the number of diffraction spots is smaller in Fig. 2a than in Fig. 2b . A similar situation is observed in the case of layers obtained for silicon Si:F with a comparison of Fig. 3a and Fig. 4a once again showing better structure of P3F layer (using the second harmonic of the laser). A different situation may be observed in the case of layers obtained on etched silicon. In this case, a comparison of Fig. 3a and Fig. 4a , as well as Fig. 3c and Fig. 4c , proves that one can obtain better layer structure using a laser at a longer wavelength; this effect is particularly obvious in the comparison of Fig. 3a and Fig. 4a . Diffraction patterns from Fig. 2a are much narrower and sharper than those from Fig. 2b , which provides evidence that the grains forming the layer are larger; the same may be observed for the layers obtained on silicon PLS. Furthermore, in Fig.  3c one can see diffraction spots originating from the substrate, which is caused by small layer thickness. In the case of the P2I sample (Fig.5) , small absorption maxima near 550-580 and 600-635 nm are observed which correspond to the known absorption bands of pentacene [17] . This fact confirms the presence of the pentacene molecule in the deposited layer. The large increase in absorption below 550 nm may be due to the creation of a blend of material consisting of short fragments of molecules from the target material; it is commonly accepted that PLD tends to degrade organic materials. Concluding the analysis of absorption spectrum we accept that the percentage content of pentacene molecule in an expitaxal layer when the first laser harmonic is used is insignificant. Absorption bands with maxima near 540 nm, 580 nm, 630 nm, 670 nm are characteristic of a pentacene layer obtained by other methods (for example thermal evaporation, grown from solution). The investigations performed have confirmed a strong dependence of layer structure on the wavelength of the laser used for ablation. This relation is particularly obvious in the results of the optical studies, but less so in the results of the diffraction studies. For samples P2I and P3I no clear differences in the polycrystalline structure ,for example in grain size, can be observed in (Fig. 2a,  b) , however, the structure of the layers obtained using the second harmonic of the laser are of slightly better quality. Such a difference in results is expected, because diffraction investigations give more information about layer crystal structure, whereas optical investigations mainly provide information about molecular structure. For the first harmonic, the spectrum analysis suggests strong modification of the molecules has occured, as it is not possible to distinguish the typical bands of pentacene in the spectrum. It is possible that the bands are present but have been swamped by the background of permanent absorption increase towards the short wave region.
Conclusions
It has been shown, that pentacene layers deposited using second harmonics have a higher quality than those generated using the first laser harmonic. The other PLD parameters (target-substrate distance, number of pulse, pulse power etc.) strongly influence the structure quality of layers and optical spectra. 
